The z-coil of an MRI-scanner is modelled as a set of circular loops of strips, or rings.
I Introduction
Magnetic Resonance Imaging (MRI) is a rev@ lutionary imaging technique of high relevance for the medical community. The main magnet of an MRI-scanner generates a strong static magnetic field. Hydrogen nuclei in the body align in this field. These nuclei respond to bursts of additional magnetic fields or RFpulses. Different types of tissues produce different signals. This forms the basis of MRI contrast. For space encoding, gradient coils are used. In the design of gradient coils, the inductance of a gradient coil is an important characteristic. A coil, should have an inductance as smdt as possible, so that it can be switched on and off quickly. One of the major problems in the use of switched gradient coils is the interaction of the rapidly changing fieIds ,with the conducting structures in &780%3562-44 4& 20.00 02004 I E E E + the MRI-scanner including the gradient coils themselves. Eddy currents occur, causing perturbations on the expected gradient field, leading to blurring in the MR picture. This paper is concerned with the mathematical modelling and numerical simulation of the current distribution in a gradient coil of given configuration, in particular the z-coil, as well a s the frequency-dependent impedances of the strips. From the Maxwell equations an integral equation is derived and the Galerkin method is used to solve this equation, using global basis fihctions.
Model definition
The z-coil consists of a long strip of copper wound around a cylinder. It has the shape of rings connected in series. For the model, we
The source current js induces eddy currents je, so we can write for the total current, using Ohm's law
Using a vector potential A, defined by B = V X A, and a scalar potential 9, we can write Figure 1: The geometry of the model.
consider a finite number, N , of coaxial circular Strips; see Figure 1 . we use cylindrical CO-The scalar potential must be equal ordinates (T, 'p, z ) , where t h e z-axis coincides we me left with with the central axis of the rings. The radius of each ring is R, and each separate ring is oE (5) uniform width. In the model, not all the rings have to be of the -e width, and the mutual for z on the strips. The source current is unidistances may be different. The thickness h is form on each o€ the strips. We assume that we assumed to be the same for all rings.
have L groups of rings connected to sources
Through the sheets, a timeharmonic source with values 11, . . . , I L , where Il is the total current at frequency w is prescribed. As the current through the rings of group 1. bequency is small (in the order of kHz), the penetration depth 8, defmed as d = , / -, is much larger than the thickness of the strip can be assumed to be distributed uniformly throughout the thickness of the strip. Consequently, we can assume that the strips are zero, s~ 
(1)
The Maxwell equations are reduced using an electro quasi-static approach; due to the low frequency the term with the displacement current (aD/at) in Ampbre's law, and the instationary term dp/& in the law of conservation of charge are neglected. The result of the latter neglect is a &vergence-free current in the strips, i.e. V -j = 0. Argued by the rotational symmetry of the problem, we m u m e all fields to be pindependent. We obtain 
Choice of basis functions
The first solution is valid for k + k' > 0 even; the second solution €or k + k' odd; and the third solution for k = k' = 0. Other integrals without the logarithmic singularity can easily be computed numerically as they are regular.
Results
We first consider the case of one ring. The total current flowing through the ring is p r e scribed. The amplitude of the current as a function of z and €or the frequencies w = 100 (line), 400 (dotted), 700 (dashed), 1000 (dashdotted) rad/s is shown in Figure 2 (a). We observe an edgeeffect, which becomes stronger if the frequency is increased. Furthermore, a phase difference occurs. The currents at the I edges are ahead in phase with respect to the source, whereas currents at the center are be-
We are also interested in the total resistame and the self-inductance of the ring. In
For Eurther computations we need to invesfigate the behaviour of the kernel hnction. The power series expansion o f K ( z ) for z close to zero up to terms of order one is given by
47F
where *(')(3/2> M 3.65. 1W2, and y M 5.77 a 10-l. So, K: has a Iogaxithic singularity. If we want to approximate the current distribution by a series expansion of global basis funo tions, then this fact immediately draws ow attention to the Legendre polynomials. Namely, if we apply the Galerkin method, then we obtain integrals of which we know the analytical solution: The next example is a set of three rings, each of width 4 cm, and at a mutual distance of 5 mm, see Figure 3 . We again observe an edgeeffect in the rings, but also a global edgeeffect. T h e e effects are caused by induction.
If we consider rings with very large radius the solution of the current distribution will tend to the one for an infinitely long strip in a plane (see [2] ). The kernel function in that case is exactly the logarithmic function. SO, the difference between the kernel function in (10) and the logarithmic function is due the curvature in the ring.
Knowing the current distribution, we can determine the magnetic field by use of BiotSavart's law. It is clear that the edge-effects, as well as the phase differences, cause disturbance in the gradient of the magnetic field, which affect the quality of the MRI-pictures.
Note that the model of the z-coil consistr 
